INTRODUCTION
BK virus (BKV) infection is one of the most important opportunistic infections in renal transplant recipients (RTRs) and can cause serious allograft dysfunction [1] .
Primary BKV infection usually develops during childhood; the virus thereafter remains latent in the renal tubules and uroepithelial cells, which are the most important sites epidemiologically [2] . BKV is often activated in patients receiving immunosuppressants during the first year after kidney transplantation (KT) [3, 4] . Its active replication has been identified to play a causative role in the development of BK virus-associated nephropathy (BKVAN) [5] .
Since the first report of BKVAN in 1995, numerous studies have been conducted on BKV [6] . However, each showed diverse prevalences and outcomes of BKVAN [6, 7] . Additionally, risk factors associated with the pro-The Korean Journal of Internal Medicine Vol. 30, No. 6, November 2015 gression of this disease have not been well defined [7] . This may be due to differences in donor types among countries and, even more, the diversity in the immunosuppression and desensitization protocols used among centers [8] . The absence of established treatment and prevention guidelines for BKVAN may be another reason.
In this regard, it is important to investigate the prevalence and clinical outcomes of BKVAN at each center to establish BKVAN prevention or treatment guidelines and protocols specific to each center. Thus, we reviewed our center's experience with biopsy-proven BKVAN and its clinical course and investigated risk factors associated with allograft outcome after BKVAN diagnosis.
METHODS
We conducted a retrospective single-center study of 25 RTRs with BKVAN, diagnosed by biopsy at Seoul St. The immunosuppressive regimen and infection prophylaxis used in our center have been described previously [9] . All patients received induction therapy with basiliximab. The maintenance immunosuppressive regimen comprised prednisolone, mycophenolate mofetil, and a calcineurin inhibitor (cyclosporine A or tacrolimus). All patients received fluconazole and sulfamethoxazole/trimethoprim as prophylaxis against fungal and Pneumocystis jirovecii infection, respectively.
All RTRs with an unexplained elevation in their serum creatinine level of > 20% from the baseline value underwent an allograft kidney biopsy. A well-trained pathologist evaluated all the biopsy specimens using light microscopy and immunohistochemical staining with monoclonal antibodies directed against the SV40 large T antigen and electron microscopy to distinguish BKVAN from acute allograft rejection, according to the Banff criteria. Diagnosis of BKVAN was confirmed when all of the following criteria were met: (1) typical pathological findings of viral cytopathic effects on renal histological analysis with an inflammatory response suggestive of BKVAN, such as the presence of intranuclear viral inclusions; (2) immunohistochemical staining positive for SV40 large T antigen; and (3) detection of BKV replication in at least one laboratory test, including urine cytological examination, urine polymerase chain reaction (PCR) assay, or plasma PCR assay. The specimens diagnosed with BKVAN were also evaluated to confirm the BKVAN stage.
Statistical analysis
All statistical analyses were performed using SPSS version 19.0 (IBM Co., Armonk, NY, USA). Continuous variables are expressed as mean ± standard deviation, medians (minimum-to-maximum range), or counts with percentages and were compared using Student t test. For categorical variables, Pearson chi-square test and Fisher exact test were used. Allograft survival rates were calculated using the Kaplan-Meier method. All statistical tests were two-tailed, and results were considered significant at p values of <0.05.
RESULTS

Baseline characteristics
The baseline characteristics of the 25 patients are presented in Table 1 . The mean age at BKVAN diagnosis was 39.4 ± 13.0 years, and 13 patients were male (52%). In total, 10 patients (40%) received kidneys from deceased donors, and three (12%) underwent second transplantations. Cyclosporine was used as the main immunosuppressant in eight patients (32%), and the remaining 17 patients (68%) received tacrolimus before BKVAN diagnosis.
Laboratory and pathological findings associated with BKV infection
BKVAN was documented at 22.8 ± 29.1 months after transplantation, and the serum creatinine level at biopsy was 2.2 ± 0.7 mg/dL. In 18 patients, monitoring of BKV replication was performed using plasma BKV real-time PCR, and the replication levels exceeded 1.0 × 10 4 copies/ mL in all patients (range, 1.6 × 10 4 to 5.0 × 10 7 ). The BK- VAN with acute allograft rejection (acute T-cell-mediated rejection in five and acute antibody-mediated rejection in one).
Management and clinical outcomes of BKVAN
The follow-up duration after BKVAN diagnosis was 29.9 months (range, 0.7 to 90.1). The immunosuppression regimen was modified in 21 patients. Mycophenolate mofetil was discontinued in all patients, and the tacrolimus dose was reduced by 20% in nine patients. Leflunomide was used in 13 patients, and infused intravenous immunoglobulin (IVIG) was used for 5 days in four patients. Despite the change in immunosuppressant or treatment for BKVAN, the allograft function did not improve overall (Fig. 1A) . In five patients, allograft rejection developed within 6 months of the BKVAN diagnosis. During the follow-up period, 20% (5/25) of the patients experienced allograft loss at 21.8 months (range, 0.7 to 41.5) from BKVAN diagnosis. The 5-year allograft survival rate from BKVAN diagnosis was 67% (Fig. 1B) .
Risk factors associated with allograft failure after BKVAN diagnosis
The comparison between patients with and without graft failure is presented in Table 2 . The duration from KT to BKVAN diagnosis was significantly longer in patients with than without graft failure (p < 0.01). Allograft biopsy findings showed that compared with patients without allograft failure, those with allograft failure had a more advanced stage of BKVAN and showed a significant decrease in allograft function, expressed as Modification of Diet in Renal Disease-estimated glomerular filtration rate (p < 0.01). Additionally, the proportion of combined allograft rejection showed a higher tendency in patients with allograft failure (p = 0.06). Treatment with IVIG or leflunomide or reduction of the immunosuppressant dose did not affect the clinical outcome of BKVAN. 
Clinical outcomes based on risk factors
We analyzed clinical outcomes based on BKVAN stage, combined allograft rejection, and allograft function. The allograft failure rate was significantly higher and the allograft survival rate was significantly lower in patients with stage C BKVAN than in those with stage A or B (p = 0.045) (Fig. 2) . Moreover, the allograft failure rate was higher (p = 0.05) and the allograft survival rate was significantly lower in patients presenting with acute rejection than in those without acute rejection ( Fig. 3A  and 3B ). In addition, patients with combined allograft rejection showed a significantly higher rate of allograft rejection within 6 months from the diagnosis of BKVAN (p < 0.01) (Fig. 3C) . Patients with decreased allograft function of < 30 mL/min/1.73 m 2 showed a higher tendency for allograft failure (p = 0.12) and a lower tendency for allograft survival (p = 0.08) (Fig. 4) .
DISCUSSION
Because immunosuppressive regimens and treatment strategies for BKVAN are inconsistent among transplant centers, the incidence and outcomes are also variable among centers. In this regard, each center should compile their own data on BKVAN outcomes. We retrospectively reviewed the clinical course of BKVAN at our center. Our results indicated that RTRs with BKVAN had unfavorable clinical outcomes. Additionally, allograft function did not improve even after administration of antiviral agents such as leflunomide or IVIG and reduction of the immunosuppressant dose. The allograft loss rate was 20% in our center, which is similar to that reported previously [10] [11] [12] . First, we investigated the timing of the BKVAN diagnosis and the BKVAN stages. Usually, BKV replication is initiated within 1 year from KT. However, the mean duration between KT and BKVAN was 22.8 months in the present study, and most patients were diagnosed ≥ 1 year after KT. In addition, the serum creatinine level was already above normal in most patients, and 16 patients (64%) showed stage B or C BKVAN. Considering the prototypical course of BKV infection, in which viremia can be detected before BKVAN development, these findings suggest that most cases were diagnosed after a long period from the start of BKV replication [13, 14] . Indeed, all 18 patients who underwent BKV replication analysis using plasma BKV real-time PCR at the time of allograft biopsy showed significant BKV replication, with the BKV DNA copy number exceeding 1.0 × 10 4 /mL [2, 15, 16] . Second, we investigated the clinical outcomes after the BKVAN diagnosis and analyzed the effect of the use of therapeutic agents such as leflunomide and IVIG and reduction of the immunosuppressant dose. Various therapeutic agents, such as cidofovir, leflunomide, IVIG, and levofloxacin, have been used for BKVAN treatment to date, but none is clearly superior to the others [17, 18] . In this study, we used leflunomide or IVIG for BKVAN treatment. It seemed that leflunomide may help to prevent allograft failure, but no significant effect We reduced the immunosuppressant dose in most patients; however, even this showed no significant effect on BKVAN progression (Fig. 1) . Furthermore, we observed five cases of allograft rejection after reducing the immunosuppressant dose. This finding is contrary to our previous results, showing that no rejection developed after immunosuppressant dose reduction during BK viremia [9] . The underlying reasons are unclear, but activation of the innate immune system by virus invasion of allograft tissue may activate adaptive immune cells, which can result in allograft rejection [19, 20] . These findings suggest that after BKV infection of allograft tissue, reducing the immunosuppressant dose may have no beneficial effect on BKVAN progression and may increase the risk of allograft rejection, in contrast to dose reduction during viremia or viruria.
Next, we investigated risk factors associated with the development of allograft failure. In this study, allograft failure developed mostly in patients with advanced-stage BKVAN, consistent with previous studies reporting that the allograft failure rate reached 100.0% in patients with stage C BKVAN but was only 12.9% in those with stage A [10] [11] [12] [21] [22] [23] . In patients with stage C BKVAN, histological examination of allograft biopsy specimens revealed extensive BKV replication, cell necrosis of the tubules and collecting ducts, and varying degrees of interstitial inflammation [6, 24] . Additionally, allograft function decreased significantly in those patients, and the deteriorated allograft function did not recover even when BK viremia was successfully cleared [25] .
Another risk factor for allograft failure was combined acute rejection of allograft tissue. Among the six patients with combined BKVAN and acute rejection, three (50%) experienced allograft loss, which was significantly higher than the allograft loss rate in patients without acute rejection (15%). The difficulty in the treatment of combined BKVAN and acute rejection is that we could provide neither sufficient antirejection therapy nor effective treatment for BKVAN because the two conditions require opposite treatment strategies. In those six patients, we first used steroid pulse therapy and later reduced the immunosuppressant dose. However, four of the six showed recurrent rejection within 6 months from BKVAN diagnosis, which suggests that rejection may not be treated sufficiently by steroid pulse therapy and that subsequent immunosuppression reduction may facilitate the recurrence of acute rejection in those cases. These findings suggest that steroid pulse therapy with immunosuppressant dose reduction is ineffective for not only BKVAN treatment, but also combined acute rejection treatment.
In terms of treatment for BKVAN with acute rejection, a two-step approach of antirejection treatment followed by a reduction in the immunosuppressant dose is supported by several studies reporting stabilization or improvement of allograft function. However, the prognosis differs from one center to another: some reports showed a worse prognosis of BKVAN combined with acute rejection than of BKVAN alone [4] , as in our report, whereas Kim et al. [26] recently reported an allograft loss rate of BKVAN with acute rejection (20%) similar to that of BKVAN alone after anti-BKV therapy (22%). Further study is needed to determine the appropriate treatment option and prognosis for patients with BKVAN who develop acute rejection. Other demographic factors, including the donor type, retransplantation history, and type of immunosuppressant used, showed no significant correlation with allograft loss in this study.
A limitation of this study is the small number of patients. Thus, we did not perform multivariate analyses to investigate risk factors for allograft failure in patients with BKVAN. Second, we could not compare the therapeutic effects of each treatment method because the treatment protocol was not standardized.
In conclusion, the allograft loss rate was 25% among patients with BKVAN at our center. The allograft failure risk increased in patients with advanced-stage BKVAN, poor renal function, or BKVAN combined with acute allograft rejection at the time of BKVAN diagnosis. In addition, no therapy has proven effective in preventing allograft loss in patients with biopsy-proven BKVAN. Thus, early detection of BKV replication before BKVAN development is important, and when BKVAN is suspected, a prompt biopsy is needed for early diagnosis.
